Introduction
High performance poly-Si TFTs with high mobility are required for system-on-glass applications. Laser crystallization is powerful technique for enlarging Si grains and enhancing mobility [1] [2] [3] [4] [5] . However, the mobility of laser-crystallized poly-Si TFTs varies due to the random crystallographic orientation of the grains [1, 2, 4] . In this study, tri-gate structures, which are known as the structures that have high immunity against short channel effect [6], were introduced into poly-Si TFTs fabricated by CW laser lateral crystallization (CLC). The effects of tri-gate structures on effective electron mobility (μ e ) in CLC poly-Si TFTs were investigated.
Specific Features of CLC Poly-Si Films
The specific features of crystallinity in CLC poly-Si films are summarized as follows: 1) as shown in Fig. 1 (EBSD mapping), the average grain size is 20×2 μm 2 ; 2) the crystal growth direction, which is the same as the CW laser scanning direction, tends to take <110> direction although the surface orientation is random [7] ; 3) biaxial tensile strain is induced by the difference of thermal expansion coefficients between Si and SiO 2 [7, 8] . The specific features of μ e in planar CLC poly-Si TFTs are summarized as follows: 1) phonon scattering is dominant [3] [4] [5] ; 2) the biaxial tensile strain enhances μ e [5]; 3) μ e variation depends on the gate length (L) and gate width (W), and is uniquely determined by the number of grains (N) in the channel regions as shown in Fig. 2 . Figure 3 shows a concept of μ e enhancement by the tri-gate structure. It is reported that narrow mesa structures give uniaxial strain [9] . When the channel direction is parallel to laser scanning direction, further μ e enhancement is expected because uniaxial tensile strain along <110> direction is useful for μ e enhancement on various surface orientation [9,10]. Fig. 4 shows a concept of reduction of μ e variation by the tri-gate structure. By using the tri-gate structure, the number of surfaces with different crystal orientation increased at most three times. Based on Fig. 2 , 42% reduction of μ e variation at maximum is expected. Figure 5 shows the process flow. In CLC process, cap SiO 2 films were used to reduce the surface roughness [11] . The channel direction was parallel to the CW laser scanning direction. The wire structures were fabricated by electron beam lithography and dry etching. Gate SiO 2 film of 30 nm was formed by dry oxidation at 1100 C to reduce the corner effect [12] . It was confirmed that the oxidation process on Si films did not change its crystallinity and grain sizes by EBSD measurements. It was also confirmed that the 0.3% tensile strain remained after the oxidation process by XRD measurements. Figure 6 shows the layout. Table I shows the designed device parameters. Number of wires was 23. Wire thickness, width and space were 150, 150, and 300 nm, respectively. These parameters were chosen so that the effective channel width (W eff ) of tri-gate TFTs becomes the same as that of planar TFTs because μ e variation depends on the channel size as shown in Fig. 2 . In addition, the occupied area of tri-gate TFTs was the same as that of planar TFTs. Figure 7 shows the cross-sectional TEM images of the fabricated tri-gate TFTs. Figures 8 and 9 show I D -V DS and I D -V GS characteristics of the tri-gate TFTs. Normal MOSFET operation with on/off ratio of 7×10 8 was achieved. 15 tri-gate TFTs and 21 planar TFTs were measured. Then, the average μ e and the μ e variations were characterized. Figure 10 shows the average μ e dependence on the surface carrier density (N s ). At N s larger than 3×10 12 cm -2 , average μ e was enhanced by using the tri-gate structures. 8% and 17% μ e enhancements were achieved at N s of 5×10 12 and 1×10 13 cm -2 . Figure 11 shows μ e variation dependence on N s . By applying the tri-gate structures, 41% reduction of μ e variation was achieved at N s of 5×10 12 cm -2 . These results showed that tri-gate structure is useful for both μ e enhancement and reduction of μ e variation in the high performance poly-Si TFTs.
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6. Conclusions Tri-gate CLC poly-Si TFTs with tensile-strained grains were successfully operated. Both 8% μ e enhancement and 41% reduction of μ e variation were achieved by applying the tri-gate structure. These results are useful for device size shrinkage of the high performance poly-Si TFT integrated circuits. 
